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(57) ABSTRACT 

The present invention is related to a feedback device (10) for 
guiding and Supervising physical exercises, particularly 
home rehabilitation exercises of a person (12), comprising a 
computer device having a CPU and a memory, a mirror dis 
play device (11) comprising a conventional display device 
having a reflective surface, and position-sensing means (13. 
14) for a person disposed before the device. Furthermore, the 
invention is related to a feedback method for guiding and 
Supervising physical exercises, particularly home rehabilita 
tion exercises. 
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FEEDBACKDEVICE FOR GUIDING AND 
SUPERVISING PHYSICAL, EXERCISES 

FIELD OF THE INVENTION 

0001. The present invention is related to a feedback device 
for guiding and Supervising physical exercises, in particular 
home rehabilitation exercises. 

BACKGROUND OF THE INVENTION 

0002 Stroke is the most prominent cause of permanent 
disability in industrialized countries. Motor disabilities are 
the most common deficits after stroke. Rehabilitation exer 
cises are proven to be efficient to regain motor control, pro 
vided the training is intense, the patient is guided in the 
therapy and receives adequate feedback. 
0003 Recently, training devices for unsupervised home 
use have been introduced. These devices work without a 
therapist, which means that, once a patient has been intro 
duced to the device, the patient may carry out rehabilitation 
exercises more frequently, which again increases and accel 
erates his recovery. 
0004 Technical solutions for unsupervised home stroke 
rehabilitation require the use of sensors for acquiring the 
patient's posture during exercises. These sensors can be either 
inertial sensors such as the popular MT9 sensor provided by 
XSENS, or camera-based Systems such as e.g. the OptiTrack 
system manufactured by Natural Point, respectively. 
0005. In both devices, the patient's movements are 
recorded, compared to a template posture and/or movement 
and the difference is then reported to the patient in a suitable 
way. The Core:TX system manufactured by Performance 
Health uses a rendered human-like figure for displaying the 
template posture and/or movement that the patient is Sup 
posed to perform. The patient wears an inertial sensor on the 
affected limb. His own movement is not displayed on screen. 
A green or red light indicates agreement or disagreement of 
template and patient movement. These devices are for 
example described in U.S. Pat. No. 6,834,436. 
0006 Displaying the difference between the provided 
template and the patient's movement is crucial for the effec 
tiveness of a home rehabilitation system, as stroke victims are 
often not aware of their deficits and show genuine Surprise 
that their performance does not reflect the movement tem 
plates. 
0007. The existing approaches to home rehabilitation, as 
for example described in U.S. Pat. No. 6,231,527, use feed 
back systems that the user finds difficult to get acquainted 
with. Existing systems use a rendered figure for displaying 
the patient’s movement. It is difficult for the user to identify 
himself with such a rendered figure. However, as mentioned 
above, perceiving one's own movement as being not accord 
ing to the template is a crucial step on the road to recovery for 
this patient group. 
0008 Furthermore, existing Systems use a Computer 
screen for displaying feedback. However, stroke victims are 
mostly elderly persons that are not acquainted with Comput 
ers. Therefore it is desirable to use a feedback device that 
provides advantages in terms of ease of use, intuitivity of use, 
and efficiency of use, especially for elderly people. 

SUMMARY OF THE INVENTION 

0009. It is an object of the present invention to provide a 
feedback device for guiding and Supervising physical exer 
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cises, in particular home rehabilitation exercises, which 
avoids the above identified shortcomings. It is another object 
of the present invention to provide such a feedback device 
which is easy to use especially for elderly people. 
0010 Yet another object of the present invention is to 
provide such a feedback device which gives the patient the 
possibility to observe his own movements, and/or which 
makes it easy for the patient to identify himself with a com 
puter-generated animation that displays the patient's move 
ment. 

0011. This object is achieved by a device and/or a method 
according to the independent claims. The dependent claims 
indicate preferred embodiments. In this context it is notewor 
thy to mention that all ranges given in the following are to be 
understood to include the values defining these ranges. 
0012. According to the invention, a feedback device for 
guiding and Supervising physical exercises, in particular 
home rehabilitation exercises of a person, is provided. The 
device comprises 
a) a computer device having a CPU and a memory, 
b) a mirror display device comprising a conventional display 
device having a reflective Surface, and 
c) position-sensing means for a person disposed before the 
device. 

0013 Said person is for example a patient that undergoes 
home rehabilitation exercises. However, in the following, the 
terms “patient' and person' will be used synonymously, i.e. 
that all considerations related to a “patient' will also be appli 
cable to a “person', and vice versa. 
0014. The term “conventional display device', as used 
herein, relates to a device which is capable of displaying a 
computer-generated animation. Such displays are well 
known to the skilled person, and may be selected from CRT 
(Cathode Ray Tubes), LCD (Liquid Crystal Displays) and the 
like. 

0015 The term “mirror display device', as used herein, 
refers to a combination of a mirror function and a display 
function. For example. Such a device may comprise a combi 
nation of a semi-transparent mirror with a flatscreen monitor. 
In another embodiment, the device may consist of a flatscreen 
monitor having a front Screen which is coated with a semi 
transparent coating. 
0016. In a preferred embodiment of the present invention 

it is provided that the device comprises means for controlling 
the transmission and/or reflectance of the reflective surface. 
Such a device may, in a preferred embodiment, consist of a 
flatscreen monitor, like an LCD, the panel of which is coated 
with a polarizing film that adjusts the whole, or a portion, of 
its Surface So as to be either transmissive, reflective, or semi 
reflective. By this means, the mirror display device can either 
display computer-generated animations, or it can (passively) 
display the mirrored image of an object disposed before the 
display, or it candisplay both at the same time. Such a product 
has recently been developed and protected with IP rights by 
the applicant, and it is being marketed under the trademark 
Mirror TV. 

0017. The term “computer-generated animation', as used 
herein, refers to both still images and animated images. In 
said device, the body posture of the person standing before the 
mirror is first detected by the position-sensing means, and 
then an image is generated and displayed which is overlaid 
over the person's mirror image. 
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0018. Then, a predetermined body posture or movement 
(in the following called: “template posture and/or move 
ment') is displayed, which the person can perceive and is then 
Supposed to perform. 
0019. Upon performing the posture or movement, the per 
son will immediately perceive any deviations between the 
template posture or movement and his own posture or move 
ment by comparing the computer-generated animation and 
his own mirrored image, and will thus receive feedback which 
enables him to correct his posture or movement. 
0020 Moreover, position-sensing may be used to detect 
deviations between the template posture and/or movement 
and the movements carried out by the person. These devia 
tions can be reported to the person in real time by displaying 
them in an educative fashion on the display, or by creation of 
a warning Sound, in order to tell the person whether or not he 
has correctly performed the template posture and/or move 
ments. In addition thereto, the person can figure out devia 
tions between the template posture and/or movements and his 
own movements by comparing the computer-generated ani 
mation and his own mirrored image. The person will thus be 
able to correct his movements on the basis of the above 
feedback information. The information is provided in such a 
way that it is perceived intuitively, so that the person may pick 
up the information while concentrating on the exercises. 
0021. By these means, an easy-to-use real-time feedback 
device is accomplished, which helps persons suffering from 
post-stroke motor disabilities to carry out therapeutic reha 
bilitation exercises which are proven to be efficient to regain 
motor control, provided the training is intense, the person is 
guided in the therapy and receives adequate feedback. The 
system is particularly Suited for home use. This means a 
person can carry out therapeutic rehabilitation exercises with 
out Supervision by a therapist, which means that exercise 
frequency and/or intensity can be substantially increased, 
which results in a better and faster rehabilitation. 
0022. In a preferred embodiment of the present invention, 

it is provided that the device comprises means for generating 
an animation of the person, based on data provided by the 
position-sensing means, and displaying said animation on the 
mirror display device in Such a way that the displayed anima 
tion and a reflected image of the person are overlaid, one on 
top of the other. 
0023. Again, the term “animation', as used herein, refers 
to both still images and animated images. The person is thus 
enabled to directly compare the template posture or move 
ments to his own body posture or movements. This feature 
enhances the intuitive information uptake by the person and 
does thus contribute to a better concentration on the exercises 
which the person is Supposed to carry out, and will conse 
quently Support the rehabilitation process. 
0024. In another preferred embodiment of the present 
invention, it is provided that the position-sensing means for 
the person comprises either body-worn sensors or markers, 
and/or a camera system. 
0025. These sensors or markers can be inertial sensors 
such as MEMS (Micro-Electro-Mechanical System) sensors 
(commonly known as movement trackers), which are for 
example used in movie animation, training Sciences and the 
like, and which are for example Supplied by the company 
Xsens movement technologies. These embodiments can be 
collectively referred to as “active sensors or markers’. 
0026. Likewise, optical markers comprising colours can 
be used. In a preferred embodiment, the markers comprise 
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means which are fluorescent or detectable under infrared 
illumination. These embodiments can be collectively referred 
to as “passive sensors or markers’. 
0027 Camera-based systems may for example consist of a 
camera mounted in the frame of the mirror display device, 
which creates recordings of the person's body movements, 
which will then form the basis for the later analyses and image 
generation processes. 
0028. In a preferred embodiment, the position-sensing 
means for the person comprises both body-worn sensors or 
markers and a camera system. In this case, the markers com 
prise detectable devices (i.e. IR-LED or the like) which are 
detected by the camera in order to precisely determine the 
positions of the limbs etc. Such devices are for example 
supplied by the company Natural Point. 
0029. In another preferred embodiment, the camera sys 
tem is a stereo camera system. In this case, dedicated body 
worn sensors or markers are not necessary, as the camera 
system can calculate the positions of the person's limbs by 
analysing the stereo images. However, even in Such a system 
the detection of the person's body will be easier if the latter is 
equipped with body-worn sensors or markers. 
0030. Furthermore, a feedback method for guiding and 
Supervising physical exercises, in particular home rehabilita 
tion exercises of a person, is provided. Said method com 
prises the steps of 
a) disposing a person before a feedback device comprising: a 
CPU and a memory, a mirror display device comprising a 
conventional display device having a reflective surface, and 
position-sensing means for the person, 
b) detecting the person's body posture and/or body move 
ments, and 
c) generating and displaying a computer-generated animation 
on the mirror display device, which represents a template 
posture and/or movement. 
0031. In this embodiment, the CPU memory contains pre 
determined template postures and movements which the per 
son is Supposed to perform. 
0032. In a preferred embodiment of this method, the 
method further comprises detecting any deviations between 
the template posture and/or movement and the person's body 
posture and/or body movements. 
0033. This means that the person's body posture and/or 
body movements are monitored throughout the exercise. Any 
deviations detected can then be reported to the person in order 
to generate feedback information according to said deviation. 
The feedback information may for example consist of a dot 
ted line on the mirror display device, which symbolizes the 
limb deviating in its posture from the template posture (see 
FIG. 1). Feedback information can also be presented in the 
form of an audible signal. The person skilled in the art can 
easily select other feedback information channels and/or 
devices, and these fall under the scope of the present invention 
as well. 

0034. In a preferred embodiment of the method according 
to the invention, a feedback device according to the invention 
is used for carrying out said method. 
0035. In yet another preferred embodiment of the method 
according to the invention it is provided that the method 
comprises the execution of an algorithm selected from the 
group consisting of: 
a) an algorithm to detect the 3D positions of the person and his 
limbs when disposed before the mirror display device, 
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b) an algorithm to compute the coordinates of the mirror 
image of the person and/or his limbs on the surface of the 
mirror display, 
c) an algorithm for creating a computer-generated image of a 
figure the limbs of which appear at the same points on the 
Surface of the mirror display as in the mirror image, as com 
puted by the algorithm mentioned in point b). 
d) an algorithm to animate the computer-generated image 
according to the template posture and/or movement, and/or 
e) an algorithm to generate feedback information according 
to the deviation of the person's posture and/or movement 
from the template posture and/or movement. 
0036. The term “posture’ herein refers to the positions and 
orientations of the person's limbs, his head, his backbone and 
other parts of his body. 
0037. Furthermore, a method for carrying out, guiding 
and/or Supervising physical exercises and movements is pro 
vided, comprising procedural steps according to the above 
described feedback method. It is to be understood that such a 
method provides the advantages set forth hereinabove in con 
nection with the feedback device and the feedback method. 
0038. Furthermore, the use of a system according to the 
invention for carrying out, guiding and Supervising exercises 
is provided. Such exercises can for example belong to the 
field of physical education, post traumatic and/or post-opera 
tive rehabilitation, rhetoric training, art performance training 
and the like, i.e. all fields in which a real time feedback related 
to physical exercises and movements is beneficial and/or 
required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039. In the following description, detailed embodiments 
of a feedback device and a feedback method according to the 
invention are described with reference to the Figures, in 
which 
0040 FIG. 1 diagrammatically shows a feedback device 
according to the invention; and 
0041 FIG. 2 diagrammatically shows a process of over 
laying a mirror image with a display image in the device of 
FIG 1. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0042 FIG. 1 shows a mirror display feedback system 10 
according to the invention, comprising a mirror display 11 
which consists of a wall-mounted mirror that provides the 
possibility to show a computer graphic on its Surface. More 
over, the system comprises a camera13, which may be stereo 
camera, which records the movements of a patient 12 stand 
ing in front of the mirror. The patient carries position sensors 
14. A processing unit, not shown, creates an animation pro 
viding a template posture and/or movement animation 15, 
which is then displayed as a rendered template animation on 
the mirror display 11. 
0043. When the system is in use, the patient 13 sees him 
self in the mirror display 11 just as in any traditional mirror. 
Additionally, a template posture and/or movement animation 
15 is overlaid in the mirror display 11, which is comparable to 
the patient’s mirror image in size and orientation. While 
executingatherapy exercise, the patient 13 sees himself in the 
mirror, and the overlaid rendered figure performs the template 
posture and/or movement. 
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0044 Thus the patient can directly see any discrepancies 
between his movements and the template posture and/or 
movement. As he sees himself in the mirror, and not a ren 
dered representation, the intuitive realization of his deficien 
cies in exercise execution is much easier. 
0045. In FIG. 1 there is a discrepancy between the posture 
of the patient's left hand 16 and the respective template pos 
ture. The patient can immediately perceive this discrepancy 
by comparing the computer generated animation and his own 
mirror image. Moreover, the CPU connected with the mirror 
display device detects said discrepancy and creates feedback 
information, which consist of a dotted line 17 in Fig. 
0046. In FIG. 2 the process to overlay a mirror image with 
a display image in mirror display feedback system 2 accord 
ing to the invention is shown. The location of the eyes (21. 
only one eye is symbolically shown for reasons of clarity) is 
determined, e.g. by means of a stereo camera (not shown), 
coupled to an image processing module (not shown). The 
X,Y-pixel coordinates of the eye (21) are calculated by 
orthogonal projection onto the mirror plane (22). Other 
options to determine the position in space include ultrasound 
triangulation, or use of passive or active sensors. 
0047. From the X,Y-coordinates the proper pixel location 
for the eyes can be derived. The location of the extremities 
(23, only one hand is symbolically shown for reasons of 
clarity) are determined, e.g. by means of a stereo camera (not 
shown), coupled to an image processing module (not shown). 
The X,Y-pixel coordinates of the extremities (23) are calcu 
lated by orthogonal projection onto the mirror plane (22), 
followed by scaling in the X and y direction by a factor of 0.5. 
As a result, a screen pixel switched on at the location 21 in the 
mirror plane 22 will be overlaid onto the virtual image 21" of 
the eyes. Likewise, a pixel switched on at the location 23' in 
the mirror plane 22 will be overlaid onto the virtual image of 
the hand 23". 
0048. By this means, the patient may consistently com 
pare the mirrored image of his body posture with the prede 
termined body posture which is displayed on the mirror 
screen, and which indicates predetermined movements and/ 
or postures the patient is expected to carry out in order to do 
rehabilitation exercises. 

EXAMPLES 

0049. In the following, the present invention is demon 
strated by means of examples, which by no means should be 
understood to limit the scope of the invention. 
0050. The user approaches the system in order to carry out 
an exercise for his rehabilitation. In one embodiment he is 
wearing colour markers on selected body positions such as 
wrists, elbows etc. The patient disposes himself in front of the 
mirror display such that he can see himself fully in the mirror. 
If this is the case, a stereo-camera mounted in the frame of the 
mirror is able to see the patient fully. A colour-tracking algo 
rithm finds the markers in the camera images of the left and 
right camera of the stereo camera pair. Using calibration 
information of the camera system it is then possible to com 
pute the position of the markers worn by the patient in a 3D 
coordinate system. This procedure is standard for stereo cam 
era systems and can e.g. be performed by the Bumblebee' 
Stereo camera manufactured by Point Grey (www.pointgrey. 
com), which contains a software development kit for com 
puting 3D positions of image features. Once the 3D coordi 
nates of the marker points are known it is a standard geometric 
calculation to derive the expected points of appearance of the 
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mirror images of the markers on the Surface of the mirror 
display. These points are Subsequently used for generating a 
picture of a rendered figure on the mirror display in Such a 
way that the position of the points indicated by the markers of 
rendered figure and mirror image coincide. This means that, 
while the patient is at rest at the beginning of the exercise, a 
rendered figure is generated that has the same size and body 
posture as the patient. The user sees the rendered figure per 
fectly overlaying his mirror image. When the exercise starts, 
the rendered figure is animated according to a stored template 
movement. The patient tries to move according to the tem 
plate. He can easily see any discrepancies as his limbs and 
those of the rendered figure do not move synchronously. 
Additional feedback can be displayed on the mirror display, 
e.g. by colouring the background part of the display where the 
discrepancy of patient and template posture and/or movement 
is most severe. 
0051 While the invention has been illustrated and 
described in detail in the drawings and the foregoing descrip 
tion, such illustration and description are to be considered 
illustrative or exemplary and not restrictive; the invention is 
not limited to the disclosed embodiments. 
0.052. Other variations to the disclosed embodiments can 
be understood and effected by those skilled in the art in 
practicing the claimed invention, from a study of the draw 
ings, the disclosure, and the appended claims. In the claims, 
the word “comprising does not exclude other elements or 
steps, and the indefinite article “a” or “an' does not exclude a 
plurality. A single processor or other unit may fulfill the 
functions of several items recited in the claims. The mere fact 
that certain measures are recited in mutually different depen 
dent claims does not indicate that a combination of these 
measured cannot be used to advantage. Any reference signs in 
the claims should not be construed as limiting the scope. 
0053. The particular combinations of elements and fea 
tures in the above detailed embodiments are exemplary only; 
the interchanging and Substitution of these teachings with 
other teachings in this and other patents/applications incor 
porated by reference are also expressly contemplated. As 
those skilled in the art will recognize, variations, modifica 
tions, and other implementations of what is described herein 
can occur to those of ordinary skill in the art without departing 
from the spirit and the scope of the invention as claimed. 
Accordingly, the foregoing description is by way of example 
only and is not intended as limiting. The invention's scope is 
defined in the following claims and equivalents thereto. Fur 
thermore, reference signs used in the description and claims 
do not limit the scope of the invention as claimed. 

1. A feedback device (10) for guiding and Supervising 
physical exercises, comprising 

a) a computer device having a CPU and a memory, 
b) a mirror display device (11) comprising a conventional 

display device having a reflective Surface, and 
c) position-sensing means (13, 14) for a person disposed 

before the device. 
2. A feedback device according to claim 1, characterized in 

that, further, the device comprises means for controlling a 
transmission and/or a reflectance of the reflective surface. 

3. A feedback device according to claim 2, characterized in 
that said means for controlling the transmission and/or reflec 
tance of the reflective surface comprises a polarizing film, 
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disposed on the mirror display device, that adjusts the whole, 
or a portion, of its Surface so as to be either transmissive, 
reflective, or semi-reflective. 

4. A feedback device according to claim 1, characterized in 
that, further, the device comprises means for 

d) generating an animation of the person, based on data 
provided by the position-sensing means, and 

e) displaying said animation on the mirror display device in 
Such a way that the displayed animation and a reflected 
image of the person are overlaid one on top of the other. 

5. A feedback device according to claim 1, characterized in 
that the position-sensing means for the person comprises 
either 

a) body-worn sensors or markers (14), and/or 
b) a camera system (13). 
6. A feedback device according to claim 5, characterized in 

that said camera system comprises a stereo camera. 
7. A feedback method for guiding and Supervising physical 

exercises, said method comprising the steps of 
a) disposing a person before a feedback device comprising: 

a CPU and a memory, a mirror display device compris 
ing a conventional display device having a reflective 
Surface, and a position-sensing means for the person, 

b) detecting a body posture and/or body movements of the 
person, and 

c) generating and displaying a computer-generated anima 
tion on the mirror display device, which represents a 
template posture and/or movement. 

8. A feedback method according to claim 7, characterized 
in that the method further comprises 

a) detecting any deviations between the template posture 
and/or movement and the person's body posture and/or 
body movements. 

9. A feedback method according to claim 8, characterized 
in that the method further comprises 

b) generating feedback information according to said 
deviation. 

10. A feedback method according to claim 7, characterized 
in that it comprises the execution of algorithms selected from 
the group consisting of 

a) an algorithm to detect3D positions of the person and his 
limbs when disposed before the mirror display device, 

b) an algorithm to compute coordinates of the mirror image 
of the person and/or his limbs on the surface of the 
mirror display, 

c) an algorithm for creating a computer-generated image of 
a figure the limbs of which appear at the same points on 
the Surface of the mirror display as in the mirror image, 
as computed by the algorithm mentioned in point b). 

d) an algorithm to animate the computer-generated image 
according to the template posture and/or movement, 
and/or 

e) an algorithm to generate feedback information accord 
ing to the deviation of the person's posture and/or move 
ment from the template posture and/or movement. 

11. A method for carrying out, guiding and/or Supervising 
physical exercises and movements, comprising procedural 
steps according to claim 7. 

12. The use of a feedback device according to claim 1 for 
carrying out, guiding and Supervising physical exercises and 
moVementS. 


